Abstract. The aim of the study was to develop single-unit tablet in capsule system of aceclofenac for the treatment of late night pain and morning stiffness associated with rheumatoid arthritis. The system was conceptualized as a three-component design (1) a hard gelatin enteric-coated capsule (for carrying two pulses), (2) first-pulse granules (for rapid release in intestine), and (2) second-pulse matrix tablet (for slow release in colon). An appropriate integration of pH-sensitive (Eudragit S100) and bacteria-responsive (inulin) functions, on the basis of 3 2 factorial design, led to formulation of TICS 1-9 that were screened for in vitro release. TICS 2 with biphasic drug release of 98.64% from first-pulse granules in simulated intestinal fluid (12 h) and 97.82% from second-pulse matrix tablet in simulated colonic fluid (24 h) was the optimized formulation that exhibited Fickian diffusion of drug (n00.363). In vivo fluoroscopy in rats traced the intact tablet to colon in 7.5 h that got eroded at the tenth hour. This demonstrated the colonspecific delivery of the matrix tablet affirming the potential of the system to obviate the need for two-time administration of drug at odd hours. The experimental design was validated by extra design check point, and diffuse reflectance spectroscopy and DSC revealed absence of chemical interaction between the formulation excipients.
INTRODUCTION
Rheumatoid arthritis is a chronological disorder that exhibits a circadian rhythmic pattern in the arousal of pain and associated symptoms (1) . Patients suffering from rheumatoid arthritis tend to have more pain during early morning hours that abbreviates throughout the day (2) . The chronological nature of the disease demands a single-unit dosage form with rhythmic delivery of therapeutic pulses. Considering the physiological conditions of the gastrointestinal tract, site specificity of pulse delivery can be achieved by appropriate integration of pH-sensitive and bacteria-responsive functions into a single unit.
Of the various analgesics, NSAIDs are considered the first-line drugs for the symptomatic treatment of rheumatoid arthritis, osteoarthritis, and ankylosing spondylitis (3) . Aceclofenac, a non-steroidal anti-inflammatory agent with efficient activity against analgesia and inflammation in rheumatoid arthritis, osteoarthritis and ankylosing spondylitis, has fewer side effects. Aceclofenac is rapidly and completely absorbed after oral administration, peak plasma concentrations are reached 1 to 3 h after an oral dose. A highly proteinbound drug, renal excretion (70 to 80% of dose) is the main route of elimination (4) .
The aim of the study was to develop a single-unit tablet in capsule device of aceclofenac for the treatment of late night pain and morning stiffness associated with rheumatoid arthritis. The system was conceptualized as a three-component design (1) a hard gelatin enteric-coated capsule (for carrying two pulses), (2) first-pulse granules (for rapid release in intestine), and (3) second-pulse matrix tablet (for slow release in colon). The rapid-release pulse was aimed at relieving late night pain whereas the slow-release matrix tablet was targeted for drug release in colon to relieve early morning stiffness as projected in Fig. 1 . The first pulse for rapid release was made with microcrystalline cellulose and the second pulse for slow release was based on inulin matrix.
Inulin, a natural polysaccharide, consists of linear chains of β 2,1-D-fructofuranose molecule with a glucose moiety at the end (5) . When ingested orally, it is only digestible by the colonic microflora that act on the β 2,1-osidic bonds and thus inulin can pass intact through the gastrointestinal tract until it reaches the colon (6) . This makes inulin a versatile tool for colon targeting. Some parts of inulin, especially the hydroxyl groups are more vulnerable to water and form stable gels at concentration of 13-50%. This can delay the absorption of drugs in the stomach and small intestine and if combined with polymethacrylate drugs, release can be completely avoided in the aforementioned segment. Low solubility of crystalline inulin is an advantageous parameter that opens the door for its utilization in chronological drug delivery systems (7) .
MATERIALS AND METHODS

Materials
Aceclofenac was kindly provided by Ranbaxy Research Laboratory (Gurgaon, India), Eudragit S100 and Eudragit RS100 was obtained from Evonik (Germany), inulin was obtained from Adept Impex (Agra, India), invertase enzyme was supplied from Aum Enzymes (Ahmadabad, Gujarat, India), microcrystalline cellulose and magnesium stearate was purchased from S.D. Fine Chemicals (Mumbai, India). All the chemicals and ingredients were of analytical grade.
Design of Multipulse Tablet in Capsule Device
Formulation Approach
The formulation approach involved three steps, namelycoating of hard gelatin capsule shell (#0) with Eudragit S100, followed by the preparation of first-pulse granules and secondpulse matrix tablet. Both pulses to be encapsulated in coated hard gelatin capsule to obtain a tablet in capsule system (TICS).
Coating of Hard Gelatin Capsule Shells
A 10%w/v coating solution of Eudragit S100 was prepared in isopropyl alcohol (a class III solvent). A homogeneous mixture of talc (0.1%w/v) as an antiadherent and triethyl citrate (10%w/v) as plasticizer was prepared in isopropyl alcohol separately. Both were mixed and stirred for 1.5 h to obtain a translucent coating preparation. The cap and body of capsule were unlocked and coated separately by dipcoating technique. The cap/body was dipped in the coating solution for 1 min and rotated gently for homogenous coating layer and air dried for 2 h on stainless steel blunt ended rods.
Optimization of Coating
The coating of Eudragit S100 was optimized on the basis of number of coats applied and the drying time after each coat. The coated cap and body were joined and sealed with 10%w/v coating solution. The sealed capsules were subjected to integrity test in the 0.1 N HCl buffer, pH 1.2 for a period of 2 h. The unfilled coated capsule was placed in the dissolution vessel of USP type I apparatus containing 900 ml of 0.1 N HCl, pH 1.2 stirred at 100 rpm and maintained at 37°C. The capsule was visually analyzed for any damage/deformation for a period of 2 h.
Preparation and Evaluation of First Pulse
The first pulse comprised of granules made by dry granulation technique. Drug and microcrystalline cellulose were mixed in a ratio of 1:1.5 by weight in a polybag for 10 min. The mix was screened through #60 mesh and lubricated with magnesium stearate (0.1% w/w). The mixture was compressed by hand-operated single-punch tablet machine (HICON® Grover Enterprises, New Delhi) to form tablets (hardness0 2.0 kg) that were crushed and screened through #22 mesh to obtain granules, designated as first pulse. The granules were evaluated for percent drug content and rheological characteristics such as bulk density, tapped density, Carr's compressibility index, Hausner's ratio, and angle of repose (8) . In order to assess any interaction between the ingredients of first pulse, diffuse reflectance spectra of aceclofenac, microcrystalline cellulose, and granules were recorded on infrared spectrophotometer (Shimadzu, Kyoto, Japan). The test samples were diluted with KBr (IR grade) in the ratio of 1:100 of test sample to KBr and the spectra were recorded in the transmittance mode by setting the resolution at 4 cm −1 and 50 times accumulation.
Design of the Second Pulse
A 3 2 full factorial was applied for the designing of the second pulse, three levels and two factors were selected. Eudragit RS100 (X1) and inulin (X2) were selected as independent variables, whereas percentage of aceclofenac released after 13 h (Y1) and 24 h (Y2) were chosen as dependent variables. The levels of the chosen independent variables are 10%, 20%, and 30% by wt of Eudragit RS100 and 4%, 8%, and 16% by wt of inulin (Table I) . The polynomial equations for each response were generated using Design expert software 8.0.5 and were used to validate the experimental design after transformation. The design was validated by extra design check point formulation (F10).
Formulation and Evaluation of Second Pulse
The second pulse as matrix tablets were prepared by direct compression technique. For preparation of tablets, the ingredients (Table I) were passed through a #60 mesh sieve and requisite amounts were mixed for 15 min in a polybag. To the resulting mixture, magnesium stearate was added. The compositions of the second pulse were made into 250 mg tablets using single-punch tablet punching machine (HICON® Grover Enterprises, New Delhi) equipped with 6 mm biconcave-faced punches. The matrix tablets were subjected to selected pharmacopoeial (uniformity of weight, uniformity of content) and non-pharmacopoeial tests (thickness, hardness, friability). Uniformity of weight was determined with a sample size of 20 tablets by the IP 2007 methodology (9) . Uniformity in content was assessed by crushing 10 tablets and extracting 100 mg powder with 10 ml methanol followed by filtration through Whatman filter no.1 and assay at 275 nm. The thickness and hardness (n06) were determined by vernier caliper (Mitoyuto, Japan) and Pfizer hardness tester, respectively, while friability was determined on a Roche friabilator (n0 20) by the method described in <1216> general information, USP 27/NF 22 (10) .
Assembly of Tablet in Capsule System
In the body of Eudragit S100-coated capsule shell, the matrix tablet containing 100 mg of AC was incorporated followed by addition of drug loaded granules equivalent to 100 mg AC. The capsule body was closed with the cap and the joint was sealed with 10% w/w Eudragit S100 solution to obtain the TICS. A total of nine formulations (TICS 1-9) were formulated (Table I) and assessed for in vitro release patterns.
In Vitro Release
As the preparation is meant to release the drug in the colon through oral administration, three different receptor fluids are used for evaluation of the release profile. The TICS were subjected to in vitro drug release test by changing the test media sequentially. The formulation was placed in dissolution basket stirred at 100 rpm in 0.1 N HCl buffer, pH 1.2 (simulated gastric fluid) at 37±1°C, for 2 h. An aliquot of the dissolution fluid was removed every hour, filtered through Whatman filter paper no.1 and assayed for the amount of aceclofenac at 275 nm. At the end of 2 h, the media was replaced by phosphate buffer, pH 7.4 (simulated intestinal fluid) and sampling was continued for 10 h by withdrawing samples every hour and assaying at 275 nm. Finally, the media was replaced by phosphate buffer, pH 6.8 containing 4 ml of 8%w/v invertase enzyme (simulated colonic fluid) for next 12 h. Two milliliters sample was withdrawn every hour and subjected to spectrophotometric analysis for aceclofenac. Each time the sample was withdrawn, it was replaced by corresponding fresh dissolution medium. The percent cumulative drug release (CDR) versus time plots were made and analyzed. The mechanism of drug release was elucidated by fitting the data to various equations of release models namely zero order (
, and Peppas (Q t 0K KP t n ) where Q t is the amount of aceclofenac released at time t and Q 0 is the amount of drug released at zero time and K x are respective constants.
Statistical Analysis of Data
The effect of independent variables on the responses was modeled with the help of Design Expert software version 8.0.5.2 (Stat-Ease, Inc., Minneapolis, USA). Polynomial equations were generated for the dependent variables -% CDR 13 h and % CDR 24 h. The insignificant coefficients were identified using one-way ANOVA at 95% level of significance (p<0.05) and removed from the polynomial equations to obtain the transformed equations. A statistical model incorporating interactive and polynomial terms was used to evaluate the responses:
Where β 0 , the intercept is the arithmetic mean of all quantities outcomes from nine runs, β 1 to β 8 are the coefficients computed from the observed experimental values of Y, and X 1 and X 2 are the coded levels of the independent variables and X 1 X 2 and X i 2 (i 01,2) are the interaction and polynomial terms, respectively.
Validation of Experimental Design
The experimental design was validated by preparing an extra check point formulation (TICS 10). The predicted values for % CDR 13 h and % CDR 24 h for TICS 10 were generated by their respective polynomial equations. The experimental values were determined by evaluating TICS 10 for the dependent variables. The predicted and experimental values of the responses were compared for statistical significance using pooled t test at 95% confidence interval, and degree of freedom 4 (p<0.05).
Selection and Characterization of Optimized TICS
The optimized TICS formulation was selected on the basis of % CDR at 13 h and % CDR at 24 h and subjected to characterization by differential scanning calorimetry and diffuse reflectance spectroscopy.
Differential Scanning Calorimetry
The thermal behavior of aceclofenac, inulin, Eudragit RS100, and their mixtures was recorded using differential scanning calorimeter (NETZSCH DSC 200F3 240-427-L, Germany). The samples were hermetically sealed in aluminum pans and heated at a constant rate of 10°C/min, over a temperature range of 0 − 450°C. An inert atmosphere was maintained by purging with nitrogen at a flow rate of 60 mL/ min. The thermograms were recorded and analyzed.
Diffuse Reflectance Spectroscopy
DRS spectra of aceclofenac, inulin, Eudragit RS100, and their mixtures were recorded on spectrophotometer. The test samples diluted with KBr (IR grade) in the ratio of 1:100 of test sample to KBr were placed in the sample holder and spectra were recorded in the transmittance mode by setting the resolution at 4 cm −1 and 50 times accumulation.
In Vivo Roentgenography
All the animal experiments have been conducted in full compliance with the institutional ethical and regulation principles as per the Spirit of Association for the assessment and accreditation of the laboratory animal care and international expectations for animal care and use. The investigation was performed after obtaining approval by the institutional animal ethical committee of RAP, Mathura, India (IAEC/RAP/ 3675b). New Zealand white rabbits (average weight 3-3.5 kg) were selected. The optimized TICS was reformulated by replacing the drug with barium sulfate in matrix. The amount of the barium sulfate was optimized for no effect on the physical characteristics of the optimized tablet in SGF and SIF. The animals (n03) were fasted overnight with free access to water and the tablet was administered with 15 ml of water. X-ray images of the abdomen of the rabbits were taken at various time points namely just after administration 0, 1.5, 3.5, 5, 7.5 and10 h to trace the in vivo movement and behavior of the tablet in the GIT. To precisely locate the position of the tablet in the GIT of the rabbits, a barium meal study was performed before the actual study. X-ray images of the rabbits in prone position were captured using L&T Vision 100 (Carm) X-ray machine, at 64 mAs and 63 kV techniques.
RESULT AND DISCUSSION
Coating Considerations and its Optimization
Eudragit S100 was used as coating polymer for hard gelatin capsule as it displays pH-dependent solubility and is soluble above pH 7.0 (11). Eudragit S100 contains a higher percentage of carboxylic group as compared to the ester group that resists its solubilization in gastric fluid and requires higher pH for hydrolysis and subsequent release of drug (12, 13) . Apart from specific solubility features, flexibility of coating is also important to prevent the breaking/cracking of applied coat (14) . It has been reported by Shivkumar et al. (15) that films of Eudragit S100 are brittle; hence, to ensure coating with adequate flexibility and mechanical strength, triethyl citrate was added (10-20% w/w) as plasticizer in the present work. Triethyl citrate acts by evenly distributing itself in polymer chain, weakens the intermolecular attraction between the polymer chains and produces film with sufficient mechanical strength and elastic modulus (16, 17) . Isopropyl alcohol was used as a coating solvent owing to its high flash point (15°C), low boiling point (82.3°C), and low toxicity (class III solvent; ICH Q3C guidelines). The use of anti adherent is evenly important as it prevents the coat films from adhering to each other while processing and storage (18) . Therefore, 0.1% w/w of talc was added to avoid adhesion and consequently the damage.
Optimization of coating was adjudged on the basis of integrity test of the capsule in simulated gastric fluid with varied number of applied coats and drying time. The results (Table II) suggested that the batches of capsule (C1-C3) with two coats of Eudragit S100 failed to resist the acid uptake despite an increase in the drying time from 30 min to 120 min, which resulted in the loss of the coat and capsule. On increasing the number of coats to three, it was observed that the drying time of 90 min prevented acid uptake and the capsule (C7) remained intact in SGF for 2 h. Further increase in the number of coats to four with a drying time of 30 min resulted in failure of integrity of capsule C8. However, an increase in the drying time to 60 and 90 min, C9 and C10 respectively, successfully avoided the acid uptake and consequently its degradation. Experimental work carried out by Meghal et al. (19) proves that the drying of the polymeric film for sufficient period of time promotes coalescence of the film and ensures distribution of the plasticizer. In our case, a drying time of ≥60 min can be considered as sufficient time period that allowed even distribution of triethyl citrate in coalescing Eudragit S100 film applied as three or four coats. For the purpose of study, C7 capsule was utilized for economical reasons.
Formulation Considerations of First Pulse
The first pulse was prepared by direct mixing of drug with microcrystalline cellulose and granulation to get uniform sized granule will ensure in uniform filling and ultimately drug content. Microcrystalline cellulose derived from alpha wood cellulose after acid hydrolysis (20) , is a versatile excipient. It is partially depolymerized cellulose with degree of polymerization less than 400. For pharmaceutical purposes, it can be used as filler, binder, disintegrant, lubricant, and glidant. Microcrystalline cellulose is a water swellable polymer with excellent water absorption capacity for a prolonged period of time (21) . The trapping of water is a result of capillary effect and adsorption. Consequently, the swelling of microcrystalline cellulose results in bursting and fragmentation into smaller particles. The drug diffuses through the particles and gets dissolved in medium (21, 22) . The latter feature of microcrystalline cellulose was the selection criteria for its use in first pulse that was designed to release the drug immediately. The first pulse was designed as granules by dry granulation technique and the granules were evaluated for flow properties and drug content.
Evaluation of First-Pulse Granules
The bulk density of first-pulse granules was found to be 0.75±0.06 g/cm 3 while the tapped density was 0.87±0.07 g/cm 3 . 
Interaction Studies
The DRS spectra of aceclofenac, microcrystalline cellulose and granules are illustrated in Fig. 2 DRS profile of aceclofenac (Fig. 2a) displayed prominent peaks at 1770.81, 2970.64, 2937.85, 3319, and 669.50 cm −1 attributable to C═O stretching, OH stretching, CH stretching superimposed on OH stretching, NH stretching, and peak of C-Cl, respectively (24) . The spectra of microcrystalline cellulose (Fig. 2b) displayed peaks of broad band in the 3600-3100 cm −1 (OH-stretching), CH 2 bending vibration at 1430 cm −1 and C-O-C stretching at 898 cm −1 (25) . The DRS spectra of granules (Fig. 2c) demonstrated that the characteristic peaks of drug suggesting that the drug did not undergo any interaction with the excipients used during the processing steps.
Design of the Second Pulse
The second pulse as matrix tablet was designed on the basis of 3 2 full factorial design where the levels of Eudragit RS100 and inulin were selected at three different levels. In the study inulin was selected as carrier polymer for targeting to colon and Eudragit RS100 was selected for avoiding any pre release of drug in gastric and small intestine prior to its arrival in the colon. Inulin was selected owing to its low solubility and intactness throughout stomach and small intestine. The presence of β 2-1 osidic bonds facilitates its intactness till it reaches colon (6) . One of the key features of inulin is its tendency to form stable gel when in contact with water due to the presence of vulnerable hydroxyl groups. This hinders the release of drug in stomach and small intestine. This phenomenon is augmented by its low solubility in gastric and intestinal fluids due to the presence of long chain oligomers and its crystallinity that further slows down the release of drug from inulin matrix (7).
Eudragit RS100 was incorporated in the tablet matrix owing to its feature of forming pH-independent, insoluble matrix that prevents drug release. The presence of low ammonium content reduces its permeability and solubility (26) . These characteristic features are expected to enable safe colon targeting of the matrix tablet. Thus a total of nine formulations were prepared (F1-F9) and evaluated.
Evaluation of Second Pulse
The tablets were evaluated for pharmacopoeial (9) and non-pharmacopoeial tests and the results (Table III) suggest the capsule body. The formulations displayed a hardness ranging from 10.34 to 11.47 kg depending on the levels of inulin and Eudragit RS100 and the surface of all the tablets was smooth. The formulations with higher level of inulin showed increased hardness that may be an outcome of binder effect of inulin (27) . The friability in the range of 0.15-0.74% indicates sufficient mechanical strength of the tablets. The drug content of formulations closely ranged between 95.23% and 97.07% suggesting least variations due to the processing steps.
Development and Evaluation of the Tablet in Capsule System
The TICS were developed with the aim to obtain variable rate pulses so that first pulse is immediately released in small intestine and the second pulse is released in sustained/controlled manner in simulated colonic conditions. The in vitro release studies were carried out sequentially in SGF, SIF, and SCF. In order to simulate the colonic conditions in vitro, the enzyme invertase (8 ml of 4%w/v) was added to the SCF, pH 6.4. Use of enzyme to simulate has been reported earlier by us in our investigations on colonic delivery of meloxicam (28) and piroxicam (29) . During preliminary studies in these projects, it was observed that the incorporation of fecal content in the release test media resulted in severe interference in the spectrophotometric assay of the drug. As the aim of incorporating fecal content is to introduce colonic flora that would provide enzymatic environment for biodegradation of the carrier system, it was thought to replace the fecal content with appropriate enzyme in the test media. Thus, a suitable enzyme was incorporated in the test media in at concentration equivalent to colonic conditions without interference in assay method. The concept has been extrapolated to this project wherein the enzyme invertase has been used, that is secreted by colonic microflora and causes biodegradation of inulin in the colon (30, 31) .
In Vitro Release
TICS formulations showed no release in the simulated gastric fluid for 2 h due to the inertness of the enteric coat on the hard gelatin capsule. The enteric coat of Eudragit S100 remained unionized in the SGF and hence prevented the drug release. However, the coating of pH-dependent polymer Eudragit S100 dissolved in SIF liberating the first-pulse granules and drug release was initiated (Fig. 3) . The in vitro release analysis in SIF showed 35.87% to 39.83% release in the third hour and more than 80% of the drug was released within 6 h and by the end of 12 h more than 97% was released. The release pattern of the first pulse was biphasic with initial fast release in 6 h followed by slow release in the later phase (Table IV) . This can be explained on the basis of wetting property of microcrystalline cellulose. Its property to ingress large amount of fluid and consequently increase the dissolution rate (32) , influenced the fast release of drug in the first 6 h. The later phase of slow release can be ascribed to the intrinsic poor solubility of the drug. The release rate of the drug from granules narrowly ranged between 21.74-21.08 mg h −1 in first 6 h and 1.61-2.53 mg h −1 in the next 6 h (Table IV) . The drug release in SIF did not exceed beyond 100% strongly indicating that drug was not released from the matrix tablet (second pulse). The release kinetics of the first pulse from all the TICS formulations best fitted zero order, for both initial fast and later slow phase separately, with slower release rate except for TICS 2 and TICS 3 that followed first order release pattern probably due to the formulation variation.
The in vitro release of second pulse displayed CDR ranging from 13.34% (TICS 7) to 44.78% (TICS 3) at 13th h and the %CDR at 24 h ranged from 76.58% (TICS 7) to 97.82% (TICS 3) in the SCF. Careful analysis revealed that increase in the level of Eudragit RS100 caused decrease in cumulative drug release from TICS. This can be explained by the tendency of Eudragit RS100 to form dense matrix structure that is enhanced at high levels causing sustainment of drug release (18) . Therefore, the formulations made with 10% Eudragit RS100 showed higher release than those formulated with 30% by wt of Eudragit RS100. Furthermore, when Eudragit RS100 was kept constant and level of inulin was varied, an increase in inulin level increased the cumulative drug release. This can be accounted by increase in the number of target sites available for the enzymatic action of invertase present in the release media leading to enhancement in drug release. Thus, characteristics and levels of both the two polymers, inulin and Eudragit RS100, affected the release pattern that can be observed response surface plots (Fig. 4) . Thus, TICS 7 with the highest level of Eudragit RS100 and inulin at least level displayed least %CDR of 76.58% whereas TICS 3 with lowest level of Eudragit RS100 and inulin at highest level, displayed highest %CDR of 97.82%. Though both the rate controlling polymers affected the release the predominant role of inulin in governing the release cannot be ignored. Presence of the enzyme invertase in the SCF facilitated digestion of inulin causing gradual matrix erosion and at the end of 24 h very small tablet fragments could be recognized in the release test medium. The release profiles were subjected to modeling to identify the mechanism of drug release. All the formulations except TICS 7 and TICS 8, best fitted Peppas model. TICS 7 and TICS 8 followed Higuchi release kinetic (Table V) . In order to understand the mechanism and kinetics of drug release, the data was analyzed by Peppas equation. The values of n for all the batches except TICS 1 and TICS 2 ranged between 0.447 and 0.785, indicating a non-Fickian or anomalous type of transport. Non-Fickian mechanism explains the combined effect of diffusion and erosion on drug release. In this case inulin was acted upon by invertase and its degradation led to gradual erosion of matrix. The swelling of Eudragit RS100 (one of the matrix component) was responsible for the diffusion mechanism. TICS 1 and TICS 2 with n value of 0.427 and 0.363 respectively, indicating Fickian-type diffusion.
The release rate of drug in terms of amount of aceclofenac released per unit time was deduced by the product of k 0 and V (17) . Where k 0 is the rate of release and V is the volume of release medium (in liter). The release rate of the drug from second pulse ranged between 5.90 and 11.30 mg/h. Assuming constant release rate throughout, the duration of the release was predicted for second pulse and compared with desired release time period of 12 h. Based on this consideration TICS 2 and TICS 4 emerged as potential formulations. However TICS 4 displayed lower % CDR of 89.82 than TICS 2 (% CDR097.82). Therefore TICS 2 was identified as the optimized formulation. Where X 1 and X 2 are the independent variables. The effects of independent variables on the dependent variables are illustrated in Fig. 4 . Three-dimensional response surface plots were constructed for the graphical optimization of TICS. When the levels of both inulin and Eudragit RS100 increased, % CDR at the 13th hour decreased (Fig. 4a) . It was observed that as the level of inulin increased, the drug release increased and reverses if the level decreases. As the levels of Eudragit RS100 decreased and level of inulin is increased, the % CDR at the 24th hour increased (Fig. 4b) . The graphical optimization is consistent with the data in Tables IV and V.
Statistical Analysis
Validation of the Experimental Design
An extra design check point formulation (TICS 10) was made and the predicted value and experimental values of dependent variables were compared using pooled t test at 95% confidence interval, degree of freedom04 and p<0.05. No significant difference was recorded between the % drug release at 13 h (predicted value020.21 and estimated value0 20.76±0.42) and % drug release at 24 h (predicted value0 91.41 and estimated value090.78±0.137) thereby establishing validity of the generated model.
Interaction Status
Compatibility was evaluated by differential scanning calorimetry studies were carried for compatibility studies. DSC thermogram of pure drug showed (Fig. 5a ) a sharp endothermic peak at 155.6°C (ΔH 0122.3 J/g) corresponding to its melting point (33) . In Fig. 5b , the broad endothermic peak of Eudragit RS100 at 390.2°C (ΔH0645.1 J/g) indicated its purity and amorphous nature. The thermogram of inulin (Fig. 5c ) displayed two peaks-one at 100.2°C (ΔH061.01 J/ g) and other at 201.9°C (ΔH051.16 J/g). The former was the peak of water of hydration and latter corresponds to the melting point of inulin (7) . The thermogram of mixture of drug and Eudragit RS100 (Fig. 5d ) displayed characteristic peak of drug at 155.6°C that suggested no chemical interaction between the drug and the polymer. The thermogram of drug and inulin Fig. 5e showed the distinct peak of inulin and drug without appearance of any new peak or shifting. Furthermore, the thermogram of polymeric mixture retained original peaks (Fig. 5f ). The thermogram of the optimized second pulse retained all the characteristic peaks of Eudragit RS100, inulin and drug at 390.2°C (ΔH0689.3 J/g), 201.9°C (ΔH057.7 J/g), and 155.6°C (ΔH0102.3 J/g) respectively. This confirms no incompatibility between drug and polymer.
The interaction status was also determined by diffuse reflectance spectroscopy. The DRS spectra of pure drug displayed prominent peaks at 1770.81, 2970.64, 2937.85, 3319, and 669.50 cm −1 attributable to C═O stretching, OH stretching, CH stretching superimposed on OH stretching, NH stretching and peak of C-Cl, respectively (Fig. 2a) . The spectra of Eudragit RS100 (Fig. 2d ) displayed peaks at 3290, 2952, 1724, and 1265 cm −1 . The spectra of inulin (Fig. 2e) displayed peaks at 3353, 3300, and 1732 cm −1 . In the DRS Fig. 4 . 3-D Response surface plots showing the a effect of independent parameters Eudragit RS100% (X 1 ) and % inulin (X 2 ) on % dependent parameter cumulative drug release at the 13th hour. b Effect of independent parameters Eudragit RS100% (X 1 ) and % inulin (X 2 ) on dependent parameter % cumulative drug release at the 24th hour respectively (Fig. 2f) . These studies confirmed no interaction between the matrix forming polymers of the second pulse with aceclofenac.
In Vivo Roentgenography
Keeping in view the limitation of esophageal lumen size of the experimental animal, oral administration of optimized TICS was not feasible and moreover it was the matrix tablet that was meant to traverse intact to the colon. Hence for the experimental purpose, matrix tablet (F2 of TICS 2) of the optimized TICS dosed in accordance to rabbit was subjected to roentgenographic study. X-ray images show the position of F2 in the esophageous (Fig 6a) just after the administration followed by its passage to stomach after 1.5 h (6b). The intact tablet could be traced to small intestine at 3.5 h (6c), intestinal colon junction at 5 h (6d) and finally to colon in 7.5 h(6e) . At 10 h (6f) the intact tablet could not be traced demonstrating its erosion in colon. The study is indicative of the efficiency of the inulin-based matrix tablet for its capacity to traverse the intestine intact and deliver the drug for its chronotherapeutic benefit. When extrapolated to potential clinical situation, the developed TICS can be administered during late evening hours that would deliver the first pulse of the drug after a lag time of approximately 2 h followed by second-pulse release after a lag time of 13 h with respect to dosage form administration.
The literature cites development of colon targeted systems of AC and one of the prominent reports is of Qureshi et al. (34) that describes a time-specific pulsatile-release tablet of aceclofenac for morning pain in rheumatoid arthritis. The authors have reported an oral chronomodulated drug delivery system for the treatment of rheumatoid arthritis with a distinct predetermined lag time of 6 h. The design of the system consisted of an inner core, an intermediate swelling layer and an external acid-resistant enteric layer applied by pan coating. None of the reports evidence multipulse delivery of aceclofenac. Thus, the tablet in capsule system developed in the present study, has potential for the chronotherapeutic treatment of late night pain and morning stiffness associated with rheumatoid arthritis.
CONCLUSION
The TICS of aceclofenac conceptualized for the treatment of late night pain and morning stiffness associated with rheumatoid arthritis was successfully developed by appropriate integration of pH-sensitive and bacteria-responsive functions. The optimized formulation exhibited fast and complete release of aceclofenac via granules after a lag time of 2 h thus avoiding gastric delivery. Thereafter, a matrix tablet that remained intact throughout gradually released the drug. This presents an opportunity of obviating the need for two-time administration at odd hours. Conclusively, the tablet in capsule system demonstrated two distinct features: (1) the ability and suitability of inulin as a specific carrier for colon targeted system and (2) its variable multipulse nature of fast and slow pulse that appear to be tailored in accordance to the chronotherapeutic needs of rheumatoid arthritis patient.
